To understand how parameter choice could affect the performance of R-NMTF, we further investigated the R-NMTF performance with different parameter combinations in leave-one-out cross-validation. We first fixed λ and γ to measure the importance of α and β to the performance of R-NMTF. We then fixed α and β to measure the importance of λ and γ. The results are reported in Table  1 . The observation in the top table is that, when a larger weight is assigned to α, the choice of β does not affect the performance. It is understandable since the α parameter weights the label information on phenotype clusters, which is intuitively the most relevant information. Interestingly, that in the bottom table, the best result is observed on λ = 1 and γ = 1. Decreasing or increasing the parameters will both worsen the results. This implies that both the phenotype similarity network and the gene interaction network provide helpful information for clustering, and a proper balance of the two sources results in the best performance. Similar results are observed in the experiment on disease gene classification (See Supplementary document). 
PARAMETER TUNING FOR DISEASE GENE DISCOVERY
Since we want to investigate how disease phenotype similarity network, and gene interaction network affect the performance of disease gene discovery, we also set hyperparameter λ and γ to 0, which represents a model that does not utilize the disease phenotype similarity network and the protein-protein interaction network, respectively. The results are reported in Table 2 . The observation in the table is that, when a zero weight is assigned to λ, the choice of β does not affect the performance and always leads to random AUC scores. This indicates that the protein-protein interaction network play an important role for disease gene discovery, and help to find gene cluster by exploring global structure in the gene network. Interestingly, although the gene network is very important resource, integration with the disease phenotype similarity network can improve the performance of disease gene discovery by assigning higher weights. These observations show that integration of the disease phenotype similarity network, the gene interaction network, and the known disease-gene association, is critical for accurate disease gene discovery. In the scatter plots, the x-axis and the y-axis of a dot are the rank of the true class on a test phenotype by R-NMTF and the compared method, respectively. Since many test cases fall into the same spot, the size of the dot at each (x,y) represents the number of test cases with the (x,y) ranks by the compared methods.
